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Introduction 

Advances in recombinant DN A-basod science have led to 
the ability to characterize disease at the level of specific 
genes while the technology to diagnose either acquired 
or inherited disease has developed in parallel. Similarly, 
potentially therapeutic DNA-based products can now be: 
engineered to correct these defects. Thus the basic tenet 
of gene-based therapies is the effective delivery of thera- 
peutic genes to mammalian cells and subsequent 
expression of the gene in an appropriate manner. 

Initially, the main thrust of gene therapy was to correct 
heritable genetic lesions by replacement or control of the 
function of the affected genes. However, gene delivery 
has many potential beneficial applications, including the 
treatment of genetic disorders, malignancies, viral infec- 
tions and for cell tagging. 1 The regulatory considerations 
applicable to these novel agents are discussed below. 

Gene delivery systems 

The initial step in gene therapy is the transduction (by 
viral vectors) or transfection (by DNA-mediated systems) 
of appropriate target cells. Target specificity, efficiency of 
delivery and expression of the therapeutic gene is para- 
mount in the design of any gene therapy protocol. The 
use of non-viral DNA delivery systems for gene therapy 
has a number of features that make them attractive alter- 
natives to. viral systems, including ease .of manipulation, 
safety and stability on storage and thus a number of 
approaches have been developed for delivery of DMA 
to cells. 

The choice of veclor systems for delivery and 
expression of genes in cells either in vitro or in vivo 
depends on a number of factors; 

» The target cell or tissue; 
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• A requirement for permanent alterations to the ge- 
nome; 

• levels of expression required; 

• Means of delivery and dose regimen; 

• Use as vaccines; 

• Safely issues. 

Viral delivery systems 

There is no single viral vector or derivative that can pro- 
vide a suitably flexible approach to the many applications 
of gene therapy described previously. Many viruses can 
be adapted for use as vectors for gene therapy allowing 
one to design vectors from viruses with properties 
useful in particular situations. It is beyond the scope of 
this article to discuss the design and features of these vec- 
tors in detail and these are the subject of a number of 
reviews. 1-5 The requirement for flexibility is reflected in 
the wide range of viruses used in vector construction to 
date which are summarized in Table 1. 

DNA delivery systems 

Non-viral DNA delivery systems rely on cellular mech- 
anisms to import DNA into the cell and to transport the 
DNA to the nucleus where it is expressed. Thereby, heter- 
ologous genes can be transferred directly into tissues 277 
vivo with concomitant expression, as has already been 
demonstrated in muscle cells. 6 There are a number of 
approaches in turret it use exploiting the direct delivery 
of DNA for gene therapy and vaccination. All of these 
methods apparently result in transient expression of the 
gene of interest and integration or stable expression of 
these constructs has not been observed to date. 

The potential advantages of using direct delivery of 
DNA over the use of viral vectors are: 

• There is less of a limitation to the size of DNA which 
can be used and up to 48-kb fragments have been suc- 
cessfully transferred to cells. 7 

• The DNA can be easily manipulated without the limi- 
tations of essential viral sequences required for packag- 
ing and replication. 
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• There are fewer safety considerations for tlie pro- 
duction of DNA -complexes compared with 'infectious' 
viral vectors as the constructs are: not likely to be infec- 
tious. 

• There are potentially less problems with irnmunogenic- 
icy. 

• The DNA is broken down rapidly in plasma and the 
half-life of the DNA is shortened. 

However, the apparent simplicity of utilizing DNA 
directly for expression in target muscle cells is misleading 
and low efficiency of transfection and therefore gene 
expression has been reported. 8 Although this may not 
r strict certain therapies or vaccination protocols/ increas- 
ing the efficiency of transfection is an important consider- 
ation. 

One major advantage of using viral vectors for gene 
therapy is that the tissue or cell tropism of the vector 
will target the gene of interest to the correct place. Such 
targeting of DNA delivery systems is more problematic 
but the difficulties of targeting DNA lo the appropriate 
cell type or tissue can be overcome in a number of ways; 

• Direcl injection of the DNA into tissue leads to physical 
targeting since DNA has a short half-life in tissue and 
serum and will not be replicated. 

• Complexing DNA with molecules recognized by cell- 
specific receptors or antibodies recognizing cell antigen 
con also prove useful. 

• Similar to viral systems utilizing a tissue or cell-specific 
promoter to the coding region required to be expressed 
results in 'appropriate' expression. 

Such regulator sequence-driven specificity is useful but 
full characterization of such promoters is essential to 
ensure that other factors do not overcome the specificity 
of the regulatory sequences. 

There are a number of other potential therapies based 
on chemically synthesized DNA and RNA including 
oligonucleotides (sense and antiseiise), peptide DNA, 
oligoRNA and ribo/.ymes which are beyond the scope 
of this article. 1 * 1 - 17 



Regulatory concerns 

The production of viral vectors, naked DNA or conju- 
gated DNA fur gene therapy /vaccine applications will 
require careful regulation. ITiere are three main areas of 
potential regulatory concerns to be considered in the 
design, production and delivery of recombinant gene 
therapy agents, whether virus or DNA based (Figure 1); 

• Environmental issues; 

• Pathogenicity uf the agent; 

• Characterization and quality assurance of the seed 
banks and vector stocks. 

These areas will be considered in more detail here 
although the application to individual agents will vary, 

'Environmental issues 

The use of infectious recombinant materials including 
both viral vectors and to a lesser extent naked or conju- 
gated DNA, may be considered to be a deliberate release 
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Figure 1 Safety triad. 
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of genetically modified organisms. Thus, there may be a 
requirement to comply with international directives on 
such deliberate releases, 18-20 although in the UK viral vec- 
tors for gene therapy arc considered by the Gene Therapy 
Advisory Committee (GTAC) 21 and the Medicines Con- 
trol Agency (MCA) ra titer than by the Advisory Commit- 
tee on the Release of Recombinant Organisms (ACRE). 

Deliberate release considerations may not be concerned 
with the efficacy or validity of the construct but rather 
with environmental risk assessment. Jn (he Furopcan 
Council Directive/ 0 for example, the information 
required in me notification includes the following: 

■ A detailed description of the construct; 

• Comparative data for both the parental and recombi- 
nant virus/DNA including host range, transmission, 
persistence virulence, stability of constructs, recombi- 
nation and mutation frequencies. 

• Details on the release and the environment of trie 
release. Control of the release and emergency 
response plans. 

• Potential interactions between the CMO and th.e 
environment including potential impact on the 
environment and effects on non-targc.t organism*. 

• Monitoring techniques for tracing the recombinant and 
any potential transfer of genetic material from, trie 
recombinant. 

v Waste treatment. ' 

Pathogenicity of gene therapy agents 
Cenc therapy delivery systems themselves can be con- 
sidered to be pathogens, particularly the viral vectors. 
There are no general tests which can predict virulence or 
pathogenicity of recombinant vectors and, therefore, each 
construct must be considered on an individual basis. In 
general, data collected from a number of pertinent stud- 
ies would be ideal and would give a better idea of the 
pathogenic potential of a recombinant virus. 2 * 

Several in vivo viral gene delivery vectors have been 
derived from viruses which have been used in extensive 
immunization programmes including adenovirus, vacci- 
nia virus and poliovirus*' 11 - 23,24 (Table 1). Therefore, data 
exist for morbidity and potential side-effects of the par- 
ental virus allowing some insight into potential problem 
areas in a related recombinant vector which can then bo 
addressed by conducting comparative studies. 

Comparative studies in immunosuppressed animals 
have already proved useful in characterizing the patho- 
genicity of some recombinant viruses. 25 Nevertheless, 
there are no reliable tests to indicate or predict the effi- 
cacy or virulence of recombinant viruses or the 
expression of the gene products in humans. Pre-clinical 
in vivo testing of the recombinant agents should be useful 
for evaluating potential problems. The systems used may — 
involve animal models and each therapy will require dif- 
ferent model systems. In addition, transgenic animals 
with appropriate genetic makeup, or immunosuppressed 
animals carrying xenngraphs should be useful for these 
studies. 

The design of the vector itself contributes significantly 
to the safety of a therapy. Many of the gene delivery sys- 
tems used in gene therapy protocols are promiscuous 
and will target a wide range of cells and tissue types. 
Inclusion of tissue-specific promoter /enhancer sequences 
should limit gene expression to the appropriate cells and 



circumvent this problem. Control of the levels of gene 
expression should reduce problems of toxicity and 
immunogenicity of the products. Incorporation of a suic- 
ide gene, eg thymidine kinase in the vector should allow 
systemic drug treatment of the vector recipient to kill 
cells harbouring the virus vector in cases where problems 
with therapy occur or where there is a desire to limit 
the therapy. 

Data from clinical trials are of obvious value in assess- 
ment of the therapeutic agent. 

Good manufacturing practice (GMP) and 
good laboratory practice (GLP) standards 

The effective characterization and safe controlled pro- 
duction of an agent for medicinal use requires that parti- 
cular attention is addressed to its design and manufac- 
ture. Two codes of practice have been developed to 
ensure conformity to these requirements: good manufac- 
turing practice (GMP) and good laboratory practice 
(GLP). The basic principles of thesccodes of practice is 
discussed briefly below. 

Good manufacturing practice (GMP) 
The Medicines Control Agency 1993 Rules and Guidance 
for Phannaceuttcal Manufacturers^' states: The majority 
of reported defective medicinal products has resulted 
from human error or carelessness'. 

In order to prevent or limit the possibilities of sxich 
errors occurring unknowingly a system of controls with 
emphasis on hierarchical testing and documentation, 
GMP, has been developed for the manufacture of med- 
icinal products including biological^. 

GMP is 'the part of . quality assurance which citsures 
that medicinal products are consistendy produced and 
control led to the; quality standards appropriate to their 
intended use and as required by the Marketing Authoris- 
ation or product specification.^ 

There are two main components of GMP, comprising 
both production control and quality controls. Production 
control is concerned with manufactviring including the 
suitability of the facility and staff for manufacture, devel- 
opment of standard operating procedures and record 
keeping. Quality control is concerned with sampling, 
specifications and testing and with documentation and 
release procedures ensuring satisfactory qxialtty. 

Good laooratory practice (GLP) 

The testing referred to above is conducted according to 
Good Laboratory Practice (GLP) which assures the qual- 
ity and validity of the data generated. GLP is regulated 
by the Department of Health in the UK and is 'die organ- 
isational processes and the conditions under which lab- 
oratory studies are planned, performed, monitored, 
recorded and reported'. 27 

Compliance with GMP and GLP guidelines requires 
monitoring by defined quality assurance staff operating 
independently of personnel involved in rnanufacturing or 
testing. Clearly the implementation of such standards for 
early phase clinical trial material is a time-consuming and 
costly procedure. This is of major concern to many aca- 
demic groups who are being funded to conduct research 
into gene therapy delivery systems for us in clinical pro- 
tocols. There is, therefore, a necessity to ensure that 
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potential therapies based on viral vector gene delivery 
systems enter clinical trials in a Hmely and cost-effective 
manner without however compromising the safety and 
quality of the agent administered. This is o very difficult 
balance lo achieve as the control and safety of the cell 
lines and of the production process for viral vector stocks 
is paramount for a product which is subjected to, at best, 
minimal purification. 

There are a number of commercial service companies 
able to incorporate all aspects of GMP in the production 
of clinical grade material and which comply fully with 
GLP standards in the testing and control of these pro- 
ducts. Compliance with GMP and GTP standards is the 
optimum fur production nf a medicinal product and 
these standards should therefore be applied whenever 
possible. The investment in terms of time and cost in 
attaining such quality standards and safety controls in a 
'ciinscal protocol is a wise long-term strategy which could 
prevent the unforeseen and potentially disastrous con- 
tamination of a novel gene therapy agent 

Cell banking 

Th . approach taken by manufacturers to satisfy the 
requirements to demonstrate cell stock identity, safety 
and quality involves the development of standard proto- 
cols for the selection, preparation, preservation, storage 
and adventitious agent testing of stock cultures for use 
in the production process. This approach defines what is 
a cell seed or virus seed lot system. Frequently the term 
master cell bank (MCB) or master seed stock is used to 
-designate the stock cultures from which a second set of 
stock culture vials, the manufacturer's working cell bank, 
(WCB), is prepared. The term 'validation' describes the 
various assays performed on cells of the MCB and WCB 
to demonstrate the stability of the cells and their freedom 
from a variety of adventitious agents. A post -production 
cell bank (PPCB) consisting of cells taken beyond their 
normal production lifetime is produced to allow further 
testing for adventitious agents and genetic stability. The • 
nature ot the regulations is such that some of the rec- 
ommendations and practices described here may vary. 

Cell seed system for cell culture production 
In the development of the cell seed system, frozen vials 
of a cell line are prepared at a comparatively low popu- 
lation doubling level to form a MCB. If large-scale pro- 
duction is envisaged then vials of the MCB are retrieved 
from storage. Hie celts are then grown in culture to a 
point predetermined by the lifespan of the cell and the 
number of WCB vials required. The cells are harvested 
and used to prepare a WCB. For initiation of production 
batches, a specified number of WCB vials are removed 
from storage and the cells placed into culture vessels with " 
the appropriate growth medium. Scale-up of the stock 
cultures then proceeds according to the defined manufac- 
turing process. 

Cell banks 

A master cell bank (MCB) is generated under good 
manufacturing practice (GMP) 7 '* and consists of n series 
of uniform vials of the cells laid down at the same time 
and stored in liquid nitrogen vapour. 

There are a number of important considerations 
here: 2 ** 31 



• During the establishment of the seed no other cell lines 
should be handled simultaneously in the same labora- 
tory suite or by the same persons. 

• On storage of the MCB and WCB the location, identity 
and inventory of individual ampoules of cells should 
be thoroughly documented. 

• The origin, form, storage, use and details of life expect- 
ancy at the anticipated rate of use must be described 
in full for all seed materials. Attention should be paid 
to the stability of the host-vector expression system in 
the scctJ slock under conditions of storage and recov- 
ery. Any known instability should be addressed. 

Preparation of the MCB .under conditions of quarantine 
ensure the purity and identity of the stocks by preventing 
cross-contamination with other cell lines or adventitious 
agents that might be harboured by them. Continuous cell 
lines arc commonly cloned from single cells before prep- 
aration of the MCB as an assurance of cell line purity. 

Many of the observations and recommendations for 
preparation and storage of the MCB pertain tu the WCB 
with the exception of clonal selection before cell bank 
preparation. The number of cells per WCB vial is an 
important assessment thai should be determined within 
the context of the production process and requirements. 

The WCB for a given manufacturing process should 
not be prepared until tlie basic parameters for the cell 
culture phase of the prpce&s have been elucidated. Tf pre- 
pared too early in process development, WCB vials may 
be inappropriate for use in the final production process 
particularly when interim changes to the culture system, 
medium, or inoculum density are made, which is fre- 
quently tlie case in experimental protocols. 

Virus seed stocks 

Undiluted passage of virus in cells tends to generate 
defective interfering particles (DIs) which is undesirable. 
The virus seed lot system and the use of controlled pass- 
age packaging lines should avoid the problems of a 
build-up of DI particles while the preparation of a virus 
seed pool from plaque-purified virus should eliminate or 
reduce DIs from these preparations. 

Production of viral vectors which can replicate in a 
complementing cell line can also be based on a seed-lot 
system, such as that typically used for the production of 
live virus vaccines. In general, seed-lots are prepared at 
low passage number from a master seed lot. The master 
seed lot in (he rase of a replication-defective virus would 
he produced by transfecting the appropriate molecular 
clone into the complementing cell line and harvesting a 
virus stock, A working seed lot would be prepared by a 
single passage from the master stock. 

Bacterial and plasmid seed stocks 
' The preparation of bacterial seed stocks under conditions 
of quarantine ensure the purity and identity of the stocks 
by preventing cross-contamination with other bacteria or 
adventitious agents that might be harboured by them. 
Description of the preparation of the master seed banks 
is required (including origin, form, storage and life 
expectancy). 

The methods to preserve seed pools of E. coli strains 
use the general scheme as follows: 

• Isolation of single colonies through two sequential 
rounds of single-colony purification as an assurance of 
cell line purity, 
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• Testing of relevant phenotypes to ensure identity. 

• Growth of a suitable colony in a small -scale culture 
then aliquoting in small aiiquots and storing in the vap- 
our-phase of liquid nitrogen. 

If possible, cells for seed pools should be grown without 
selective pressure. Application of selective pressure, 
including growth in the presence of antibiotics, intro- 
duces the risk of enriching for resistant mutants in the 
population of cells. If growth with antibiotics becomes 
necessary to select for the maintenance of unstable 
plasmids, an antibiotic that is not critical for subsequent 
use of I he strain should be used. In such cases it may be 
useful to prepare separate master seeds of bacteria and 
plasmids and introduce the plasmid inlo Lhe host slra in 
before production* 

Characterization and quality assurance of 
the seed bank and vector stocks 

There arc several published guidelines for the production 
of biological materials for use in humans (and 
animals).*- 5 ** Thuse dealing with recombinant DNA are 
particularly perlincnl lo the characterisation and safety 
considerations that should be addressed when producing 
biological products for gene therapy. 32 There is a hier- 
archy of characterization and quality assurance tcsls that 
should be applied to a gene therapy viral delivery system 
which includes such issues as cell barUdng, control of pro- 
duction of the viral vector and quality control of the n'nol 
product. The characterisations are aimed at ensuring: 

• identity (cell lines /additives/ viral vectors); 

• reproducibility of the production process; 

• freedom of substrate/ products from adventitious 
agents and other contaminants. 

Produclion inethods for gene therapy viral vectors are 
essentially the same as the we used for live viral vaccines 
where downstream processing, able to remove contami- 
nating adventitious agents (with the exception of pertain 
robust viruses), is minimal. Therefore, the quality of pro- 
duction and the level of testing conducted to detect con- 
taminants should reflect this. 

Validation of a cell should provide sufficient infor- 
mation to enable the manufacturer to identify the cell and 
to demonstrate its stability and purity. The history of a 
cell line/seed stock should include the origin of the cell 
and its passage history. Ideally, one should be able to 
document the original tissue from which the* cell line was 
derived and the method of isolation. Culture conditions, 
media and additives (such as serum, trypsin etc) used for 
propagation and storage should also be described. 

It is essential that the passage history of the cell be well 
documented. This should include documentation of . the 
split ratio, storage conditions and all media and additives 
used. The source of the media and additives should be 
documented with suitable batch records. However, these 
data are frequently not available where cell lines are 
derived in an academic institution. 

Identity 

Phenotypic analysis of cell fines: A major objective in the 
validation of a cell line is to establish the phenotypic 
characteristics of the MCB. The. phenolype of a cell line 



can then be used (o monitor batch-to-batch variation dur- 
ing production and to verify the identity of the WCB. 
The methods used to establish or confirm identity often 
include morphology, doubling time, product expression 
rates, karyology, isoenzyme analysis and other markers 
that may be relevant within the culture process. The 
characterization of plasmid or gene inserts conrribxites to 
the identity of the cell line; however, this is more valuable 
in establishing lhe genetic stability of the cell line and is 
discussed below. 

Identity is determined by a combination of cytogen- 
etics and isoenzymes studies. Karyotypic analysis on 
human cell lines using Uiemsa or Ci-banding can be very 
precise, yielding differences not detected by DNA 
Ongerprinting.^ However, on rodent cells it is gener- 
ally a less satisfactory technique and DNA fingerprinting 
using mmisatellite probes for hypervariabie loci is parti- 
cularly pertinent and may replace more traditional tech- 
niques.** 

Virus seed stocks: A number of methods can be used to 
determine the identity of virus stocks including immuno- 
logical markers, molecular analyses of capsid proteins or 
nucleic acids and phenotypic characteristics such as 
host range. 

Bacterial seed stocks: Relevant phenotypes examined to 
determine the identity of a bacterial seed stock should 
include genelir markers tluit adequately validate the gen- 
etic stability of the host strain and the recombinant plas- 
mid. Appropriate host markers may be antibiotic resist- 
ance, nutritional requirements, metabolic functions, or 
other traits that can be tested easily and reliably. Plasmid 
markers frequently include antibiotic resistance, unique 
for each plasmid. The identity of the host strain should 
be assured by phenotypic or genotypic analysis, or both, 
as appropriate. Lipid profiling of the host can provide 
useful data on ceil identity and equivalency of cell stocks. 

Plasmid seed stocks: If a separate plasmid seed stock is 
used a number of quality control tests should also be con- 
ducted. Characterization of a recombinant construct is 
similar to viral vectors and packaging lines including 
description of the assembly of the construct and the 
source and function of the components. Suitable restric- 
tion endonuclenses will generate specific fragments that 
distinguish the plasmid and provide positive verification 
of the significant portions. The fragments should provide 
characteristic patterns for the coding sequence of interest 
and identify any potential problems of instability. 

Stability of plasmids is often singled out for special 
attention in large-scale fermentations where segregation 
of cells without plasmid and maintenance of structural^ 
integrity of the plasmid are Very'" difficult to control. 
Measurement of plasmid markers is used to estimate the 
frequency of segregation and levels of plasmid pro- 
duction, measured by copy number estimates, would also 
be relevant. Where plasmid is the end product, such fea- 
tures will be especially important in the absence of mul- 
tiple quality control assays of "final product structure. 

• The expression vector lias to be isolated from cells after 
a fermentation and digested with restriction enzymes 
to assure no changes have occurred throughout the fer- 
mentation. 



Quality control Issuas for gone delivery systems 
KT Smith etstl 



• The nucleotide sequence of the expressed DNA has to 
be determined for a DNA isolated from fermentation 
cells, at least once in a lifetime for each master cell bank 
for industrial purposes. 

• Other information on genetic stability, such as plasmid 
retention and plasmid copy number, can be gathered 
and it is advisable to characterize the host-vector sj's- 
tem being used, as mentioned before. 

Purity 

The homogeneity and purily of the bank needs to be 
documented and continually monitored. 

Microbiological analysis of the master cell bank is 
required to show Freedom from adventitious agents 
(viruses/ bacteria , fungi) and homogeneity of the culture. 
In the case of bacteria it is worthwhile to screen host cells 
for bacteriophage although lysogens can be difficult to 
cjetect, but if expressed may become a major problem 
during production runs. 

Viability of the cells and their expression capacity 
should, also be monitored on a routine basis. Data on the 
.Stability of. the complete system including the viability of 
^the seed stock under storage conditions is important. In 
addition, the method used to prepare new seed stocks 
heeds to be described, as well as testing and acceptance 
criteria. 

Testing for adventitious agents in mammalian ceiis and 
virus stocks 

The objective in testing a cell bank for adventitious agents 
is to assure product safety by minimizing the potential 
for microbial or viral contamination. Demonstration of 
th purity of a cell bank includes both classic bacteria, 
fungi and mycoplasma testing, and also a wide range of 
tests designed to detect potential viral' contaminations, 
the number of which is very large. 

Contaminating micro-organisms can arise from a num- 
ber of sources. These can principally be acquired from: 

• The original animal used as the source of the cells 
. Including endogenous retroviruses. 

• Animal products such as serum or trypsin used in the 
culture of the cells. 

• Operators handling the cells. 

vyhile appropriate tests for bacterial and mycotic sterility 
must be undertaken, most problems arise from myco- 
plasma and viral contamination of the cell lines. The use 
of antibiotic-free medium imposes strict discipline on the 
operators and enables bacterial contamination to be 
detected easily. Specific testing schedules for the major 
screening assay systems used on cell lines have been 
reviewed. 2 ' 5 - 37 A brief summary of an outline testing strat- 
egy is given in Table 2: 

Genetic stability of cell line, virus vector and plasmid 
DNA 

The characterization of the genotype of cell lines, includ- 
ing packaging line, viral vectors and plasmid DNA used 
in gene therapy is paramount 37 since the genes encoding 
• the protein of interest are themselves the final product. 
.As in all quality assurance testing there is a hierarchy of 
characterization and testing, 

Characterization of a recombinant construct includes 
the following. Firstly, description of the assembly of the 
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construct including the source and function of the 
components should be known. The complete coding 
sequence of the construct should be derived. In the case 
of master cell banks and master seed stocks of virus or 
plasmid DlSJA the complete nucleotide sequence of the 
gene of in teres I should be derived and copy number 
determined. A detailed restriction endonuclease map 
including the coding sequence should also be gener- 
ated* 2 -™ 

Routine monitoring of the genetic stability of both the 
packaging/complementing cell line and virus vector dur- 
ing production should be attempted. Restriction endonu- 
clease mapping is again a useful method for this. For 
RNA viruses a PCR step could be included before map- 
ping. Sequence analysis of clinical lots of viral vectors 
may be conducted for three to five lots to ensure stability 
of the production system, after which restriction endonu- 
ciease mapping may be sufficient. 

Genetic stability based on restriction endonuelease 
mapping and /or sequencing is not all encompassing and 
analyses of the gene products produced in vitro, or effi- 
cacy testing in vivo, will be useful parameters to ensure 
that the expression system is stable between production 
runs. 

As an example of the importance of these studies it is 
worth noting that retroviral vectors have a propensity for 
mutation and recombination. 5 Similarly recombinant 
adenovirus type 5 vectors containing inserts giving gen- 
ome sizes of 103-108% passaged in the 293 F.1 comp- 
lementing cell line have shown genetic instability. 39 The 
vector consisting of 108% of the wild-type (wt) genome 
replicated two- to three-fold more slowly than wild-type 
virus or the other vectors examined. After several pass- 
ages a population of more rapidly replicating viruses' was 
selected and viral DNA derived from this population of 
viruses showed a deletion of approximately 5 kb by pass- 
age 7, this deletion having been apparent in the popu- 
lation by passage 2. Reducing the size of the recombinant 
genome by 2% to 106% allowed normal replication of the 
vector. However, deletions were again detected at pass- 
age 4 and they were all in the insert regions. Overall, the 
smaller the genome the more stable the construct. These 
data highlight the necessity for limiting the size of the 
inserts, reducing passage numbers for production of 
adenovirus vectors and screening for genetic stability. 
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Plasmid stability is a sign Brant problem in large-scale 
cultures and there are four basic types of instability: seg- 
regational, irtsertionai, structural and sequence insta- 
bility. These can be detected by physical characterization 
of the pinsmid. The gross structure and size of the p las- 
mid in the colonics selected for phenotypic testing can be 
verified by electrophoretic analysis of DNA. A portion of 
the culture grown for preservation of a master seed pool 
should be removed for plasmid isolation and a restriction 
endonucleasc map of the vector DNA sequence from the 
cloned gene should be confirmed. In addition, sequence? 
of the DNA should be verified. Overall stability of the 
plasmid can be addressed by growing the bacteria to 
post-production levels, re-deriving the sequence and 
checking the structure by restriction endonuclease 
mapping. 

Replication competent viruses 

The basic design of viral vectors for gene therapy, cell 
tagging or vaccination is frequently that of a defective 
virus. A defective virus is defined as any virus carrying 
a genome lacking adequate function in one or more of 
the essential genes required for autonomous viral repli- 
cation. 40 The majority of viruses, both eukaryotic and 
prokaryotic, have associated defective particles. There are 
five main classes of defective viral genomes that are bio- 
logically active including: integrated defective viral gen- 
omes, satellite viruses, conditionally defective genomes, 
pseudovirions and helper-virus dependent defective 
interfering particles (Dls). Transduced oncogenes carried 
by defective retrovirus genomes are a classic example of 
the hazards associated with defective viruses. 

Two of the principal ways in which a defective virus 
can overcome the defective function are by recombi- 
nation and complementation. During the construction of 
virus vectors one of the most important considerations 
with respect to the safety of the vector is the potential 
ability of the vector to undergo recombination with 
related viruses or viral sequences harboured in the gen- 
ome of the cell giving rise to replication-competent 
recombinant viruses. An equally important consideration 
is the potential for the complementation of any defective 
functions inherent in the vector either by cellular or viral 
genes, leading to mobilization of the vector. 

Recombination 

Recombination is the physical interaction of viral genome 
either with viral sequences in the cell genome (eg retrovi- 
ral vectors recombining with packaging sequences) or 
with wild-type virus which has superinfected the host (eg 
adenovirus vectors). Many viruses including retro- 
viruses, adenoviruses, herpesviruses, parvoviruses and 
poxviruses can readily recombine with related viruses in 
vitro when there Is sequence homology even when it is 
limited to a small region of the genome. 

Complementation 

In complementation I he re is only a functional interaction 
at the level of viral or cellular gene products, that is, there 
is no change to the genome of the defective virus vector. 
Currently, most defective adenovirus vectors carry a 
deletion in an early gene (Ela). The function of this gene 
can be replaced by (i) the complementation (or 
recombination) of this region of the El gene by wild- type 



adenovirus superinfection; (ii) cellular genes which 
appear to be able to rransactivntc in the manner of the 
Kl products; 41 '** (iii) the lymphotropic herpesvirus RBV 
which has been shown to be able to complement aden- 
ovirus Ela mutants 4 " 1 and since adenoviruses are also 
lymphotropic' 14 there is concern that EBV would activate 
an Kl-disabled vector. 

Retroviruses 

A major consideration for I he safely of retrovirus vectors 
is the presence of replication-competent retroviruses 
(RCR) in the vector preparations or vector releasing pack- 
aging cell lines. Cometta et rt/ 43 has demonstrated that 
high levels of rcr do not have any detrimental effects 
when injected into non-human primates. However, in 
immunosuppressed monkeys several animals developed 
T cclJ lymphomas when RCR were administered along 
with a retroviral vector. 46 The comments below are larg- 
ely directed at vectors based on MuLV; similar assay sys- 
tems and methods of approach apply to other vectors, 
like those based on FeLV. 

The murine lype-C retroviruses are defined by their 
host range and the receptors they use to infect cells, as 
indicated by viral interference properties. Ecotrnpic 
viruses only infect mouse and rat cells; xeno tropic viruses 
infect cells of many species but not murine cells. Both 
these classes of viruses may be inherited in the germ line 
as endogenous proviruses although not all murine cells 
express these sequences. Poly tropic viruses are derived 
by recombination between ecotropic and other endogen- 
ous elements and can infect both murine and noii-murine 
cells. A mpho tropic viruses, used to develop vectors, were 
derived from exogenous viruses of wild mice and are 
able In infect mouse cells and cells of many other species. 
While the principal safety issue is the presence of ampho- 
tropic viruses, consideration should also be given to the 
other groups of murine retroviruses. 

The presence of replication-competent amphotropic 
virus may be detected in an S"*"L~ assay 47 which virilizes 
mink cells of non-transformed phenotype, harbouring a 
sarcoma virus genome. Other S'L cells may be used 
including those of feline origin like PG4 and C81 cells. 
On superinfection by replication-competent virus the 
defective genome is mobilized by the infecting virus lead- 
ing to a transformed phenotype for the cells which can 
be observed as a disc re Le focus. Under appropriate con- 
ditions, the assay is quantitative, one virus particle 
inducing one transformed focus. This is usually referred 
to as the standard or direct S + lr assay (Figure 2). 

However, a small proportion of infectious virus docs 
not induce a detectable focus. This is only relevant at low 
virus titres <10 ffu/ml and under these circumstances it 
is prudent to use extended assays. In this case the virus 
is used to infect a cell system and the cells are passaged 
several times to permit the virus to spread through the? 
culture. At the end of this period the virus is assayed by 
S^L" focus formation. This assay is v^ry sensitive but is 
quantal (+/— ) rather than quantitative. However, it has 
been demonstrated that direct infection of S*L~ cells is 
less sensitive for the detection of RCR than initial infec- 
tion of a non-indicator line such as Mus dunni AH followed 
by S*T-" assay of the supernatant.' 19 The most sensitive 
assay therefore for the detection of replication-competent 
retrovirus is to co-culture the packaging cell line with a 
cell line such as Mus dunni using a semi-permeable mem- 
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Figure 2 Sensitivity of retrovirus assays. 



brane to separate the two cell types. The Mus dunni cells 
are passaged several times, then supernatant is assayed 
bnlh by L - assay and by reverse transcriptase (RT) 
assay. Although the RT assay is less sensitive than, the 
miectivily assay il has ihe advantage of being able to 
detect all classes of retrovirus. 

Ecotropic viruses are usually detected in the XC plaque 
assay. Some ecotropic viruses are not easily detected in 
this assay and S + L" assays for ecotropic viruses are avail- 
able. Polytropic viruses often produce a distinctive cyto- 
pathic effect on mink cells during the amplification per- 
iod and some arc also positive in the XC or murine 
assay. 

In the first phase of evaluating clones of a vector releas- 
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ing packaging line U Is necessary to determine the Hire 
of the vector. In parallel a direct Mits dunni assay for rep- 
lication-competent amphotropic virus should also be con- 
ducted. Clones releasing high titres of the vector can then 
be screened more rigorously for the release uf replication- 
competent virions. This would consist of the following: 
A co-cultivation assay with three cell types is initiated: 
(1) A mxirine cell line like SC-1 or FG10 that is permissive 
for all ecotropic type C murine viruses. (2) A Mas dunni 
cell line that is permissive for xenotropic and ampho- 
tropic viruses. (3) A human diploid cell line. These are 
permissive for amphotropic viruses and for some xeno- 
tropic viruses. In our experience xenotropic viruses 
derived from murine hybridoma lines often fail to repli- 
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cale efficiently in human cells. However it is an >'L>A 
requirement that when cells used in the manufacture of 
biological products have evidence of retrovirus pro- 
duction then the ability of these viruses to replicate on 
human cells should be determined. 

At the end of the passage period Ihese ceils are exam- 
ined by at least two independent criteria for tiie release 
of replication-competent retroviruses such as S^Lr and 
reverse transcriptase assay described previously. 

Afler the clinical lot has been produced it is also neces- 
sary to produce a post-production cell bank and to repeat 
the tests to validate that long-term culture docs not lead 
to recombination and the generation of wild type virus. 

Adenoviruses 

Retrovirus vectors arc produced continually by a tran&- 
fected packaging line and it is therefore possible to screen 
both the producer cell line and the vector stuck for RCR. 

Adenovirus vectors, however, are produced by trant;- 
fection of DNA followed by production of Tepltcatiort- 
defective infectious virus which can only replicate in the 
complementing eel! line. This is also true for certain her- 
pesvirus and parvovirus vector constructs. 

The presence of RCV in adenovirus vector stocks can 
be detected by amplification on adenovinis-susccptible 
cell lines and by polymerase chain reaction (PCR) ampli- 
fication across deleted regions of the virus genome. The 
high tilrcs of vims used in adenovirus vector gene ther- 
apy protocols requires sensitive screening for RCVs to 
detect one or two RCVs in 10" virus vectors. Typical test- 
ing for RCV adenovirus would include passaging of vec- 
tor stocks to amplify replication competent viruses in per- 
missive cells such as HcLa. Ihe high titre stocks of 
adenovirus vectors may make such testing problematic 
and a custom PCR assay for unintentional recombinant 
viruses may be required. 

Future development of complementing cell lines and 
improvements in the design of the basic vector spine 
should reduce the potential for the production of rev. 4 

Herpes virus 

As in all virus vector stocks the detection of replication 
competent viruses is paramount and can be addressed by 
hi vitro and in i>ivo assays. 

In addition, recombination of herpes vector sequences 
with herpes viruses present in patients cither as rop- 
licative or latent infections is possible. Herpes viruses 
readily recombine in vivtP 1 and the generation of repli- 
cation competent or virulent recombinant virus in a pati- 
ent is of concern. 

Herpesvirus RCV can b*» detected by passaging the 
virus vector stock on BHK cells to ampUfy any RCV and 
exarnining the culture for the formation of syncitia or pla- 
ques of cell death. This assay can only be applied to vec- 
tors with deletions in non-essential regions and hi vivo 
testing may be required to detect any revertant virus. 

There are several in vivo model systems to address the 
problems of pathogenicity, latency, gene expression, 
recombination and reactivation of herpesvirus mutants 
and vectors.*^ 2 The models arc based on the ability of 
herpesviruses to replicate in the animal systems and 
. establish latency and include footpad inoculation or cor- 
neal infection of mice. Data derived from the use of such 
animal models will give useful information on the 
characteristics and pathogenicity of herpesvirus vectors. 



However, each vector will require a customised protocol 
to address particular safety considerations. 

A robust in vitro model' for latency studies wou Id be 
particularly useful in the characterization of recombi- 
nant herpesviruses. 

Production and purification 

The production of viral vector stocks involves little 
downstream purification and is akin to production of live 
viral vaccines. It is inevitable that gene-therapy vectors 
will contain Dl particles and in many cases effective 
assays for DIs are not available. It is possible in some 
cases to purify DT particles from virus preparations bv 
velocity gradient centr if ligation, however, this is again 
impractical or impossible for most vector preparations. 

Adventitious agent testing of vector stocks 
In addition to the test for RCVs described for viral vector 
stocks, similar tests to those described for ihe cell banks 
re identity, sterility, mycoplasma and adventitious agent 
tests are also required for vector stocks. The importance 
of testing cell banks and vector stocks for use in gene 
therapy application cannot be overemphasized as the 
lack of downstream purification (dsp) removes one of the 
major contributions to the safety of these products with 
respect to contamination with adventitious agents. Such 
a lack of dsp also has relevance to the level of impurities 
which may occur in these products. 

As previously mentioned, during production of a 'nor- 
mal' biopharmaeeutical product there is fairly extensive 
downstream processing and the purity and integrity of 
the product and monitoring of impurities are important 
quality control parameters. Impurities such as host cell 
proteins, contarninating proteins from PCS and additives, 
contaminating DNA, endotoxin and other relevant mol- 
ecules are measured and permissible limits set. Analyses 
of viral vectors in terms of a biopharmaeeutical protein 
are nearly always impossible since purification of vectors 
is minimal. Indeed, crude cell supernatants may be 
administered directly to patients. Particularly in the case 
of multiple dosing it would be worthwhile if cells could 
be adapted to serum-free media with a minimum of addi- 
Uves to reduce levels of contaminating FCS and other 
immunologically active proteins. In addition inrrpasiw 
viral titres would lower the volume of doses required tS 
be administered to patients. 

As for mammalian cell production, so bacterial cultures 
need to be routinely monitored for microbial contami- 
nation. Sterility checks should be done on the inoculation 
vessel, fermenter, and the fermentation medium. The 
process should also be monitored for adventitious agents 
by screening the fermentation for iiifection by unwanted 
bacteria, fungi or bacteriophages. The presence of con- 
taminating organisms will alter the levels of production 
and thereby contribute to the levels of contaminating 
impurities within the final DNA product The contents of 
any fermenters containing bacterial, fungal or viral con- 
tamination should be discarded. 

impurities 

Impurities in vectors for gene therapy are of concern and 
limits on the levels of such impurities must be set The 
main contaminating impuri ties which should be 
addressed axe discussed below: 
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Host cell proteins: Multiple injections of a vector require 
the quantification of host cell contaminating proteins, eg 
E, coli proteins or proteins from the culture medium since 
they may cause problems of immunogenicity. 

A control run of piasmid purification would normally 
be performed with the host cell alone and the material 
collected at the expected stage. This material would be 
used to immunize rabbits, thereby facilitating the devel- 
opment of an ELISA or similar assay to determine levels 
of contaminating proteins in the bulk piasmid. 

Contaminating DNA: DNA present in final products can 
be considered to be potentially hazardous and there are 
limits set on the levels of contaminating DNA in biologi 
cals derived from transformed eukaryotic cells- Contami- 
nating DNA from eukaryotic cells contains activated 
oncogenes which are not a major consideration with pro- 
Rarybtic production systems. However, monitoring of 
DlvTA levels in final product should be considered even 
if only as a quality control measure. 

The most effective means established for del er mining 
the removal of nucleic acids in a process involves run- 
ning host cells alone through the process and estimating 
trie levels of contaminating DNA expected in each batch 
of piasmid. In addition, spiking DNA fragments into 
ixhpurc product obtained from the fermenters and noting 
the amount of reduction In DNA that occurs during sub- 
sequent processing steps can be performed. By this pro- 
cedure it is possible to estimate how much nucleic acid 
material could be carried .through the process in a 'worst- 
case' scenario. These da la should be sufficient to replace 
the del ermina lion of ronlnmi nating host cell DNA in final 
product although routine monitoring is still useful. 

It may be preferable that any antibiotic resistance genes 
be removed from the piasmid before administration to 
patients. This would require the development of pro- 
cedures to purify the DNA of interest and the validation 
of removal of the genes. Measurement of residual anti- 
biotic resistance gene DNA in the final product can then 
be undertaken. 

Endotoxin: Endotoxins are derived from the lipopolysac- 
charide entities of the Gram-negative host organisms 
used in the production of the DNA. Such contamination 
can be measured and rabbit pyrogen testing and LAL 
assays are essential for DNA products and viral vector 
stocks. It may also be necessary to conduct an endotoxin 
validation on the purification process. 

Jn vivo or in vitro functional assay: Inoculation of a known 
amount of the final product into mice and guinea pigs 
can be used to monitor any abnormal toxic reactions. 
However, an important part of QC testing for DNA pro- 
ducts and indeed virus vectors is an in vitro functional 
assay which gives details of the expression and product 
profile from each piasmid batch. A carefully designed 
assay couJd, in certain cases, allow some analysis of the 
final product expressed by the vector or piasmid DNA 
similar to those performed routinely on other biologicals. 

Ugands: The requirements to determine the safety, con- 
sistency and quality of DNA products will of course 
apply to any agent administered with the DNA. Con- 
sideration should be given to such agents including lipo- 



somes, rell large! ing moieties, and virus capsids linked 
to Iho DNA. 

Patient monitoring 

Careful monitoring of patients involved in clinical trials 
provides \iscful data on the efficacy of a gene therapy 
a gen t. However, other considerations are important in 
selecting patients for a trial and for continued safety scre- 
ening. The presence of integrated /defective viral gen- 
omes: in either patient or packaging /complementing cell 
line could result in recombination with the vector and 
lead tu infectious virus or pseudotyping. it is generally 
impractical to screen patients for defective genomes and 
it should be assumed thai, all p.iticnls will harbour them. 
Suitable precautions and even screening (eg ELISA) may 
be prudent for replication competent herpes/a denovirus. 
In addition, screening ot patients for recombinant repli- 
cation-competent virus that may be generated after 
admirristration of a vector provides additional data for 
safety considerations of particular vectors. 

References 

1 Anderson WR Hainan gene therapy. Science 1992; 256: HUH-H13. 

2 Arrand J, Lees CM. Gene therapy: an overview of adenovirus 
vectors. Technical Bulletin no. 18. Q-Onu Biotech T.td, Glas- 
gow. 1994. 

3 Gloriosco JC, Coins WF, Pink DJ. Herpes simplex virus-based 
vectors. Semm Viroi 1992; 3: 265-276. 

4 Crunhaus A, Horwitz MS. Adenoviruses as cloning vectors. 
Semiu Virol 1992; 3: 237-252. 

5 Onions D, T,ees G. The use of retroviral vectors in gene therapy. 
Technical Bulletin no. 17. Q-One Biotech Ltd. Glasgow, 1993.' 

6 Wolff JA et til. Direct gene transfer into mouse muscle in vivo. 
Science 1990; 247: 1465-1468. 

7 Co>tten M et aL Trarafcrrin-polyi^b^m-nied rated introduction of" 
DNA into luiman leukemic cells: stimulation by agents that 
affect Hie survival of transfected DNA or modulate transferrin 
receptor levels. Proc Natl Acad Sci USA 1990; 87: 4033-4037. 

8 Kitsls RN et aL Hormonal modulation of a gent; Injected fnro rat 
heart in ww, Proc Natl Acad Sci USA 1991; 88: 4138-H42. 

9 Bakrlnsky MI et aL A nuclear localization signal within HIV- 1 
rruirri* protein that governs infection of non-dividing cells. 
Nature 1993; 365: 666-669. 

10 Moss D et a!. New mammalian expression vectors. Nature 1990; 
348: 91-9Z 

11 Porter DC, Ansardi DC Choi WS, Morrow CD. Encapsidation of 
genetically engineered polio virus mirureplicons which express 
human uxunuttoucniiciicy virus type 1 and pol proteins 
upon infection. / Virol 1993; 67: 3712-3719. 

1?. Bredenbeek PJ, Frolov I, Rice CM, Schesinger S. Sindbis vims 
expression vectors: packaging of RNA replicons by using defec- 
tive helper KNA& / Virol 1993; 67: 6439 6446. 

13 Bredenbeek PJ, Rico CM. Animal RNA virus expression systems. 
Scwin Virol 1992; 3: 297 310. 

14 Russel SJ et aL Transformation-dependent expression of intorleu- 
ktn ^eiies delivered by a recombinant parvovirus. } Virol 1992; 
66: 2821-2828. 

15 Herinonai PL, Muzyczka N. Use of adeno-associated virus as 
a inanimation DNA cloning vector: transduction of neomycin 
resistance into mammalian tissue culture cells. Proc Nail Acad 
Sci USA 1994; 91: 6466-6470. 

16 Stein CA, Cheng Y-C Antisense oligonucleotides as therapeutic 
agents - is the bullet really magical. Science 1993; 261 : 1004-1012. 

17 Buchardt O, Egholm M, Berg RH, Nielsen PK. Peptide nucleic 
acids and their potential applications in biotechnology. Trmds 
Dioiechnol 1993; 11: 384-386. 

Ifi 3/T (90) 18. Products of recombinant DNA technology. Pharm- 
curopa 1990; 2: 126-128. 



Quality control Issues for gene delivery systems 
Kl Smith e/af 



19 Kumpeun Council Directive 90/22U/EEC On the deliberate 
L-eleu.iL- into the environment of genetically modified organisms. 
Official Journal of the European Cmtimunitte 1990; 1-117: 15-27. 

20 NIH Guidelines Tor Research Involving Recombinant DNA Mol- 
ecules 1984; 19 Federal Register 46266. Section III-A-G. 

21 Cenc Therapy Advisory Committee. Guidance on making pn>- 
posuls to conduct gene therapy research on human subjects. 
1994; Department of Health, London, UK. 

22 Williamson JD el ah Biological characterization of recombinant 
vaccinia viruses in mice infected by the respiratory route. / Ccn 
Virol 1990; 71: 2761-2767. 

23 Advisory Committee un Dangerous Pathogens and Advisory 
Committee on Genetic Modification. Vaccination of laboratory 
workers handling vaccinia and related poxviruses infectious for 
humans. HMSO, London, 1990. 

24 Lone JM, Ruben i-'U Net! JM, Miller J 1 J. Complications of small- 
pox vaccination, 1968. National surveillance in the United Status. 
New Cngl J Med 1969; 281: 1201-121)8. 

25 Tartagiia J, Ferkus Mb, Taylor j el at. NYVAC: a highly attenu- 
ated strain of vaccinia virus. Virology 1992; 188: 217-232. 

26 Medicines Control Agency. Rules and guidance far pharmaceutical 
martufaclurers. HMSO, London, 1993. 

27 Department of Health. Good laboratory practice: the United King- 
dom compliance programme. Department of Health, London, 1989. 

2R Centre for Biologies Evaluation and Research (CBER) US. Point* 
tu consider in the characterization of cell lines used to produce 
biologicals, 1993. 

29 Committee for Proprietary Medicinal Products. Ad live working 
parry tin biotcduiology/plwmacy and working party on safety 
ot medicines. Notes to applicants for marketing authorisations 
on the pre-cUnical biological safety testing of medicinal products 
derived from biotechnology (and comparable products derived 
from chemical synthesis), j Biol Stand 198*>; 17: 2113-212. 

30 Committee for Proprietary Medicinal PruduU;*- Ad hoc woiktug 
party on biotechnology /pharmacy. Notes to applicants for mar- 
keting authorizations on the production and quality control of 
monoclonal antibodies of murine origin intended for use in 
man. / Biol Stand 19B9; 17: 213 222. 

31 Committee for Proprietary Medicinal Products. Ad htx' working 
party on biotechnology /pjiarmacy. Notes to applicants for mar- 
keting authorizations on the production and quality control of 
medicinal piuducts derived by recombinant DNA technology. / 
Mul Stuttd 1989; 17; 223-231. 

32 Centre for Biologies Evaluation and Research (CBFR) US- Points 
to consider in the human somatic t ell therapy and gene ther- 
apy. 1991. 

33 US DoHSS. NIH points to consider in the design and submission 
nf protocols for tlu* transfer of recombinant DNA into the gen- 
ome of human subjects. Notice Fed Reg 1990; 55: 744-74H. 

34 Epstein SL. Regulatory concerns in human gene therapy. Hum 
Gen Titer 1991; 2: 243-249. 

35 Chen TR. Re- evaluation of HeLa, HeLa S3 and HEp-2 kary- 
otypes. Cytogettet Cell Genet 1988; 48: 19-24. 

36 Gilbert DA et al* Application of DNA fingerprint* for cell line 
individualization. Am J Hum Gen 1990; 47: 499-514. 



37 Smith KT, Lees G. Viral gene delivery systems for use in gene 
therapy: an overview of quality assurance and safety issues. 
Technical Bulletin no. 16. Q-One Biotech I.td r Glasgow, 1994. 

38 Centre for Biologies and Research (CDER) US. Supplement to 
the points to consider in the production and testing of new 
drugs and biologicals produced by recombinant DNA Tech- 
nology: miclelr arid rharacturizatHui and genetic stability. 1992, 
and Supplement. 

39 Belt AJ, Prcvec L, Graham Jt-'L. Packaging capacity and stability 
of human adenovirus type 5 vectors. / Virol 1993; 67: 591 1-5921 . 

40 T Tolland JJ. Defective viral genomes. In: Fields BN, cf ul (eds). 
Virology (2nd edn). Raven Press: New York, 1990, pp 151-165. 

41 Imperiale M-J et ah Common control of the heat shock gene and 
early adenovirus genes: evidence for a cellular F.la-like activity. 
Mot Cell Biol 1984; 4: 867-874. 

42 Spexgel JM cl ah NP IL6, a member of the C/KbP family, regu- 
lates E la-responsive prom ohms in absence of Ela. / Virol 199-"?; 
66: 1021-1030. 

43 TTnrvath J, Faxing C, Weber J. Complementation of adenovirus 
early region la and 2a mutants by Hpstein-Barr virus -immor- 
talized cell lines. Virology 1991; 184: 141-148. 

44 riorvalh J, Palkonyay L, Weber J. Group C adenovirus 
sequences in human lymphoid cells,.) Virol 1986; 59: 189 192. 

45 Cornetta K et ah Amphotropic murine leukaemia retrovirus 1s 
not an acute pathogen for primates. Hum Gen Ther 1990; 1: 
15-30. 

46 Donahue Kb et ah Helper virus induced T cell lymphoma in 
nonhuman primates after retroviral mediated gene transfer. / 
Eiy Med 1992; 176: 1125-1135. 

47 Otto E tl ah Characterization of a replication- competent retro 
virus resulting from recombination of packaging and veeiorell 
line that lacks sequences closely related to endtigenouH murine: 
leiikaemia viruses and sequences. Hunt Gen Titer 1994; 5: 567- 
575. 

48 Lander MR, Chattopadhyay SK. A Mus dunni cell line that lacks 
sequences closely related to endogenous murine leukaemia 
viruses and can be infected by ecotropic, amphotropic, xeno- 
tropic and mink cell focus-forming viruses. / Virol 1984; 52: 
695-698. 

49 Prinlz. M el ah Recombinant retroviral vector interferes with the 
detection of amphotropic replication competent retrovirus in 
standard culture assays. Gene Therapy .1995; 2: 143-150. 

50 YuhaKz SA, Stevens JCi. Glycoprotein B is a specific determinant 
of herpes simplex virus type 1 neuro invasiveness, f Virol 1993: 
67: 5948 5954. 

51 blrmanns B, Keibstein T, Steiner I. Characterization of an in vivo 
reactivation model of lierpes simplex virus from mice trigeminal 
ganglia. / Gvn Virol 1993; 74: 2487- 2491. 

52 Steiner 1 et ah A herpes simplex virus type 1 mutant containing 
a non-transsnducing Vmw65 protein establishes latent infection 
in viiv in the absence of viral replication and reactivates 
efficiently from explantcd trigeminal ganglia. / Virol 1990; 64: 
1630-1638. 



